Introduction

1
Neural tube defects (NTDs) are a common birth defect that can cause infant mortality and severe birth defects.
severity of the disease (Aravinthan et al. 2012) . DSBs can be repaired by two pathways in mammalian cells:
p53siRNA electortransfered the nuclear binding of these two proteins was weak (Fig 3D) . This phenomenon is 6 8 consistent with the above experimental results. We then explored further the effect of KDM6A on the binding of 6 9
Ku70, Ku80 and XRCC4 after knocking down p53. ChIP for KDM6A showed that KDM6A reduced the 7 0 binding among Ku70, Ku80 and XRCC4 in the p53 group compared with the control group ( Fig 3E) . This result 7 1
indicates that p53 has an effect on the NHEJ repair pathway. When p53 binds to KDM6A to form a complex, it 7 2 promotes the expression of NHEJ repair pathway genes. After knockdown of p53, the binding of KDM6A to
NHEJ repair proteins is weakened and inhibits their expression.
4 5
Decreased Kdm6a expression associates with increased Ku80 expression in NTDs 7 6 We verified that the expression level of Kdm6a in mESCs was decreased in an MTX-induced low-folate 7 7
environment, and that the expression level of Ku80 was increased. Changes in protein levels in NTD samples
and in the mouse NTD model were examined. Development of the mouse nervous system is complete by E10.5;
therefore, we used this time point to select embryos. Normal embryos were intact and morphologically smooth,
while NTD embryos showed a bulge in the brain (Fig 4A) . We performed immunohistochemical analysis of
KDM6A in normal and NTD embryos. KDM6A levels were decreased in embryonic brain and spinal tissues in NTD samples ( Fig 4B) . To explore the mechanism of KDM6A action during the development of human NTDs, we hypothesized that 8 5
early intake of folate in early stages of embryonic development may lead to disordered regulation of KDM6A, 8 6 resulting in abnormal embryo development. Therefore, we selected brain tissues from four normal and four
NTD embryos for analysis. Embryo information is presented in Supplementary Table S3 . The folate level of the 8 8
NTD group was 0.035 ± 0.024 ng/10 6 , which was significantly lower than 0.272 ± 0.119 ng/10 6 of the normal 8 9
group (Fig 4C) . Western blot analysis of human samples demonstrated KDM6A was in the NTD group was half 9 0 that compared with the normal group, while the content of KU80 was higher in the NTD group than in the 9 1 normal group (Fig 4D) . Correlation analysis showed a positive correlation between the two in normal tissues the DSBs (Fig 4F) . serious form of damage (Lengauer et al., 1998; Pastink and Eeken, 2001; Stucki et al., 2005) . Unrepaired DSBs 0 6
lead to further genomic damage including chromosome translocation, degradation and amplification. These can
affect the copy number of genes and dysregulate gene expression, leading to diseases, such as tumors,
immunodeficiency diseases, radiation sensitivity disorders and neurodegeneration (Larsen and Stucki, 2016; 0 9 PaigenK and PetkovP, 2010; JacksonSP and BartekJ, 2009; Branzei, 2010) . development of the nervous system. In summary, DNA breaks trigger KDM6A to interact with p53, which modulates expression of the Ku
heterodimer (Ku70/80) and XRCC4, to ultimately promote the DNA repair response after folate deficiency.
2
This study advances our knowledge of KDM6A in the maintenance of genomic integrity and provides a new leukemia inhibitory factor (Millipore, USA), and 15% fetal bovine serum (Invitrogen). Cells were maintained at 5 2 37°C in a humidified atmosphere with 5% CO 2 and passaged every 3 days. The medium was changed daily. collected 24 hours later. with DAPI, stored in the dark, and observed under a fluorescence microscope (Zeiss LSM710). Proteins were extracted from SV129 mESCs and tissues using a protein extraction kit (C500009; Sangon
Biotech, Shanghai, China), following the manufacturer's protocol. Cells or tissues were washed twice with PBS, samples were centrifuged at 12000 rpm for 10 minutes at 4°C. The supernatant containing nuclear proteins was 7 4
stored at -80°C. For western blotting, nuclear proteins were subjected to 10% SDS-polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane. The membrane was then blocked with
5% non-fat milk in PBS and 0.1% Tween 20 (PBS-T) for 1 h, followed by incubation with the primary antibody 7 7
at 4°C overnight and then with the secondary antibody for 1 h. Detection was performed using Amersham™ (Thermo Scientific, USA).
Co-immunoprecipitation (Co-IP) experiments were performed using a Crosslink IP kit (Thermo Fisher) and the aminosuccinate then crosslinked for 50 minutes. At the same time, pre-clearing of the nuclear protein using control agarose resting on a rotator was performed at 4 °C for 50 min. The pre-eluted nucleoprotein was 8 8
then incubated with the antibody-crosslinked resin overnight at 4°C to complete antigen immunoprecipitation.
9
Antigen elution was completed the next day and the bound protein was detected by western blot analysis.
Enzymatic Chromatin IP Kit (Cell Signaling Technology, MA, USA) was used for ChIP assays according to the 9 3
manufacturer's instructions. Chromatin was obtained from about 2×10 7 SV129 mESCs and crosslinked with 9 4
formaldehyde. Immunoprecipitation was then performed overnight at 4°C with a KDM6A antibody. The Technology (Beijing, China). Raw sequencing data were examined using the Illumina Analytical Pipeline,
aligned with the Mus musculus reference genome (UCSC, mm10) using Bowtie2, and further analyzed by acquisition and analysis were performed using the 7500 Fast Real-Time PCR System (Applied Biosystems). experiments were performed for each analysis. Nuclear transfection of SV129 mESCs was performed using an Amaxa® Nucleofector II Device (Lonza, mESCs were transferred to preheated medium for cultivation. were then rinsed twice with distilled water and then three times with PBS. One drop of 3% H 2 O 2 was then 4 3 placed on each section, incubated for 10 minutes at room temperature, and slides were rinsed three times with polymer enhancer was added to each section and incubated for 20 minutes at room temperature. Slides were then rinsed three times with PBS for 3 min each time and 1 drop of the enzyme-labeled anti-mouse/rabbit collected in 1 ml of TRIS buffer, sonicated for nine cycles and centrifuged at 10,000 rpm for 3 minutes at 4°C.
The supernatant was collected for folate measurement.
The primary antibodies used were purchased from the following sources: anti-KDM6A (#ab36938, 1:500; (sc-17789;1:500,Santa Cruz), anti-XRCC4 (#sc-271087, 1:500; Santa Cruz); anti-p53 (#2524, 1:1000; CST);
anti-histone H3 (#ab21054, 1:5000;Abcam); anti-alpha-tubulin (#ab7291, 1:100; Abcam); anti-beta-actin 6 6
(#TA-09, ZSGB-BIO; 1:1000). understanding, preventing, and treating neural tube defects. vitamin supplementation.
327, 1832-1835. breaks of rRNA genes and promotes its transcription. methotrexate exposure in apoptosis and proliferation during early neurulation.
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